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1.  Introduction 


Techniques  have  been  developed  for  preparing  ferroelectric  films  for 
electrical  characterization  studies  and  radiation  hardness  assessments. 
In  recent  years,  considerable  interest  has  been  rekindled  in  the  use  of 
these  ferroelectric  materials  in  nonvolatile  memory  applications  [  1-3] . 
The  evaluation  of  such  characteristics  as  dielectric  constant,  coercive 
field,  remanent  polarization,  fatigue,  retention,  and  radiation  hard¬ 
ness  are  especially  critical  to  assessing  the  use  of  these  materials  in 
nonvolatile  memories  intended  for  Army  advanced  electronics  sys¬ 
tems  [4-5].  The  procedures  discussed  in  this  report  are  intended  to 
provide  suitable  test  samples  quickly  so  as  to  maximize  the  number  of 
different  samples  that  can  be  evaluated.  Evaluating  many  different 
samples  in  a  given  time  is  of  particular  importance,  since  no  single 
ferroelectric  material  has  yet  emerged  as  the  optimum  material  for 
nonvolatile  memory  applications,  and  many  different  material  samples 
must  therefore  be  studied. 

The  basic  structure  used  for  both  electrical  and  radiation  hardness 
evaluations  is  the  ferroelectric  capacitor  shown  in  figure  1 .  The  bottom 
part  of  this  structure,  which  serves  as  the  physical  support  for  the 
capacitor,  is  a  silicon  wafer  that  has  been  thermally  oxidized  to 
provide  an  insulating  layer.  The  actual  capacitor  structure  consists  of 
a  suitable  bottom  metal  electrode,  the  ferroelectric  filrh,  and  the  top 
metal  electrode  whose  area  defines  the  capacitor  value.  The  capacitor 
can  be  probed  directly  or  mounted  and  bonded  into  suitable  packages 
for  testing. 

Many  different  ferroelectric  samples  were  prepared  during  the  course 
of  this  effort.  Some  were  obtained  with  the  ferroelectric  layer  already 
deposited  onto  a  suitable  conducting  layer  on  a  thermally  oxidized 
silicon  substrate,  although  a  few  samples  were  obtained  with  the 
ferroelectric  deposited  directly  on  a  sapphire  substrate.  In  other  cases, 
the  oxidized  silicon  substrates  with  a  conducting  layer  were  prepared 


Figure  1.  Ferroelectric 
capacitor  cross  section. 


platinum 
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at  the  laboratory  and  then  sent  out  for  the  ferroekv.  frir  application.  The 
ferroelectric  layers  evaluated  were  deposited  ekht  r  by  a  sol-gel  spin- 
on  process  or  by  laser  ablation  [6-9].  Table  1  lists  the  various  types  of 
ferroelectric  materials  used  during  this  effort,  as  well  as  the  relative 
thicknesses  and  deposition  methods. 


Table  1.  Samples 
used  for  fabricating 

Sample  type 

Deposition 

method 

Film  thickness 

(kA) 

ferroelectric 

PZT  on  platinum 

sol-gel 

2-8 

capacitors 

PZT  on  sapphire 

sol-gel 

4.5-7.2 

PZT  on  platinum 

laser  ablation 

2-20 

2.  Substrate  Preparation 

Silicon  wafers  having  <100>  orientation,  of  various  resistivities  and 
dopant  types,  were  used  as  suitable  substrates  for  the  ferroelectric 
material  applied  by  outside  sources.  These  wafers  were  first  degreased 
with  trichloroethane,  acetone,  and  isopropanol  sprays.  This  process 
was  followed  by  a  10-minute  "piranha"  bath,  consisting  of  three  parts 
sulfuric  acid  to  one  part  hydrogen  peroxide,  after  which  the  wafers 
were  subjected  to  a  full  RCA  clean  [10].  Just  before  the  oxidation  step, 
a  commercial  rinser/ dryer  was  used  to  rinse  the  wafers  to  better  than 
16-MQ  resistivity  and  then  dry  them  in  a  heated  nitrogen  atmosphere. 
The  cleaned  silicon  wafers  were  thermally  oxidized  to  produce  oxide 
layers  800  to  2500  A  thick.  For  the  thinner  layers  up  to  about  1000  A, 
a  dry  oxidation  process  was  used;  for  the  thicker  layers,  a  pyrogenic 
steam  process  was  used.  Since  the  oxide  thickness  and  growth  condi¬ 
tions  were  not  critical,  the  procedure  used  to  oxidize  the  wafers 
depended  upon  the  availability  of  the  process  furnace  tube  when  the 
oxidations  were  performed. 

Because  of  its  many  desirable  properties,  platinum  was  chosen  as  the 
material  for  both  the  bottom  and  top  electrodes.  The  platinum  elec¬ 
trode  was  deposited  in  a  multitarget  sputtering  system.  Because 
platinum  adheres  poorly  to  silicon  dioxide,  a  glue  layer  is  required  to 
provide  a  thermally  and  physically  stable  metal  electrode.  For  this 
work,  the  glue  layer  was  titanium,  which  was  sputtered  to  a  thickness 
of  approximately  300  A.  Immediately  following  the  glue  layer  depo¬ 
sition  (without  breaking  vacuum),  platinum  was  sputtered  to  a  thick¬ 
ness  of  between  1500  and  2000  A.  The  sputtering  system  was  pumped 
down  to  a  pressure  of  4  x  1 0"^  Pa  before  sputtering.  A  total  input  power 
of  60  W  across  a  12.7-cm  diameter  target,  a  1 .33-Pa  pressure  of  argon, 
and  a  separation  of  approximately  1.5  cm  between  the  sputtering 
target  and  the  substrate  were  the  sputtering  conditions  for  both  the 
glue  layer  and  the  platinum. 
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As  an  evaluation  of  the  suitability  of  the  prepared  substrates  for  the 
subsequent  ferroelectric  material  processing,  test  samples  of  the  met 
allized  substrates  were  placed  in  a  rapid  thermal  processing  system 
and  ramped  from  room  temperature  to  700  °C  in  oxygen,  maintained 
at  700  °C  for  20  minutes,  and  then  allowed  to  cool  to  about  250  ‘'C 
before  being  removed  into  the  room  ambient.  Visual  inspection  of  the 
platinum  metal  showed  no  apparent  degradation  as  a  result  of  the 
thermal  cycling. 


3.  Capacitor  Fabrication  Procedure 

For  quick  turn-around  preparation,  all  samples  were  cut  to  less  than 
1.2-cm  square,  so  that  they  could  be  mounted  in  the  special  fixture 
designed  to  clamp  together  the  sample  and  shadow  mask  that  defined 
the  upper  electrode  geometry.  Obtaining  well-defined  geometries 
using  a  shadow  mask  in  sputtering  systems  can  be  very  difficult, 
because  the  high  kinetic  energy  of  the  sputtered  particles  tends  to 
force  them  under  the  edges  of  the  shadow  mask  wherever  mask-to- 
substrate  contact  is  poor.  Because  of  these  problems,  silicon  wafers 
were  used  for  making  the  shado  w  mask,  since  they  are  extremely  flat 
and  can  be  micromachined  to  produce  the  precise  openings  needed  to 
define  the  capacitor  top  electrode  [11].  We  fabricated  silicon  shadow 
masks  from  2-mil-thick  <100>  silicon  wafers  using  silicon  micro¬ 
machining  techniques  to  produce  an  array  of  square  openings  6  mils 
on  a  side .  The  holder  and  a  photomicrograph  of  a  section  of  the  silicon 
shadow  mask  are  shown  in  figure  2.  After  the  sample  and  shadow 
mask  are  mounted  and  secured  in  the  fixture,  the  assembly  is  placed 
in  the  sputtering  system  for  the  platinum  deposition. 

Two  thickness  ranges  of  platinum  were  used  for  the  samples  prepared 
during  the  course  of  this  work.  Top  platinum  electrodes  of  approxi¬ 
mately  1 500- A  thickness  were  deposited  for  electrical  characterization 
and  radiation  hardness  studies.  In  addition,  some  samples  were  also 
prepared  for  photovoltage  measurements.  For  these  measurements, 
the  platinum  thickness  was  reduced  to  approximately  200  A  to  permit 
light  to  penetrate  the  electrode.  At  the  same  time  as  the  thin  electrode 
deposition,  clear  glass  cover  slides  were  also  coated  so  that  the  actual 
thickness  of  the  electrodes  could  be  measured.  However,  the  thickness 
measurement  was  difficult  to  obtain  by  typical  profilometer  methods 
because  of  the  lack  of  a  definitive  step  at  the  platinum  edge.  Neverthe¬ 
less,  the  slides  provided  a  means  to  assess  the  light  transmission 
characteristics  of  the  thin  electrodes.  Figure  3  shows  a  typical  ferro¬ 
electric  sample  with  the  sputtered  shadow  mask  electrodes. 
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Figure  2.  Shadow  mask  and  holder. 


Figure  3.  Sputtered 
platinum  electrodes 
on  PZT. 
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Following  the  top  electrode  deposition,  it  was  necessary  to  remove  a 
small  region  of  the  ferroelectric  film  to  expose  the  bottom  platinum 
electrode.  For  the  lead  /irconate  titanate  (PZT)  ferroelectric  films,  we 
accomplished  this  removal  by  placing  a  very  small  drop  of  either  7:1 
buffered  HF  etch  or  straight  HF  on  the  sample.  The  etchant  was 
allowed  to  completely  evaporate,  and  a  drop  of  5-percent  nitric  acid 
was  then  placed  on  the  remaining  lead -rich  residue  to  further  clear  the 
region.  Depending  on  the  thickness  and  composition  of  the  film,  this 
process  was  repeated  if  necessary  until  no  further  change  was  noticed. 
For  the  barium  titanate  films,  straight  HF  alone  was  employed. 

For  many  samples,  this  chemical  etching  procedure  was  sufficient  to 
completely  expose  the  bottom  platinum.  For  other  samples,  the  area 
had  to  be  liglitly  mechanically  scrubbed  with  the  back  end  of  a 
wooden  cotton  swab  stick  or  a  metal  probe  to  completely  ren\ove  the 
residue.  The  step  formed  between  the  PZT  layer  and  the  underlying 
exposed  platinum  provided  a  convenient  way  of  measuring  the 
thickness  of  the  PZT  film  with  a  profilon\eter.  A  ferroelectric  sample 
with  the  top  electrodes  and  exposed  bottom  electrode  is  shown  in 
figure  4. 

For  the  samples  that  were  intended  to  be  probed  directly,  the  above 
procedures  completed  the  fabrication  process.  However,  a  number  of 
electrical  and  radiation  hardness  characterization  studies  required 
that  the  samples  be  mounted  and  bonded  into  suitable  packages. 


Because  the  sample  size  used  in  the  shadow  mask  holder  is  larger  than 
the  cavity  size  of  the  packages,  the  platinum  sputtered  samples  were 
manually  scribed  into  smaller  pieces  with  a  diamond  scribing  fixture. 


4.  Mounting  and  Bonding  of  Ferroelectric  Samples 

Several  issues  had  to  be  addressed  so  that  the  various  ferroelectric 
samples  being  prepared  could  be  adequately  mounted  and  bonded. 
Because  a  few  of  the  ferroelectric  samples  obtained  were  prepared  on 
sapphire  substrates,  a  die-mounting  procedure  that  could  be  used 
with  silicon  as  well  as  nonsilicon  samples  was  desirable.  Initially, 
sample  die  were  mounted  in  16-pin  dual  in-line  packages  (DIP's)  with 
a  two-part  epoxy  die  attach  method.  Sufficient  epoxy  is  placed  in  the 
package  cavity  so  that  when  the  die  is  pressed  into  the  epoxy,  some  of 
the  epoxy  squeezes  out  and  covers  the  lower  portion  of  the  edge  of  the 
die.  This  epoxy  must  be  cured  by  being  baked  in  an  air  atmosphere 
oven.  For  the  initial  work,  a  90-minute  bake  at  100  °C  was  routinely 
used.  Later  on,  lower  bake  temperatures  with  longer  times  were  also 
employed.  However,  despite  the  different  curing  procedures,  consid¬ 
erable  difficulty  was  experienced  with  all  samples  during  the  subse¬ 
quent  wire-bonding  operation,  which  used  a  thermosonic  wire  bonder. 
It  was  observed  that  most  of  the  ball  bonds  failed  to  stick  to  the  top  and 
bottom  platinum  electrodes.  In  addition,  a  portion  of  the  platinum 
electrodes  directly  under  the  gold  ball  often  pulled  off  during  the 
bonding  process.  These  problems  were  so  severe  on  the  thermosonic 
bonder  that  an  older  thermocompression  bonder  was  tried,  since  it 
was  believed  that  the  ultrasonic  energy  was  somehow  causing  bond 
failures  with  the  gold  wire  to  platinum  metal  bond.  Using  this  older 
bonder,  we  were  able  to  obtain  some  good  bonds,  but  the  vast  majority 
failed,  as  on  the  thermosonic  unit. 

After  considerable  investigation,  vve  determined  that  the  most  prob¬ 
able  cause  of  the  bonding  problems  was  the  two-part  epoxy  that  was 
used  to  attach  the  die  in  the  packages.  Apparently,  during  the  curing 
process,  the  organics  that  are  driven  out  of  the  epoxy  cause  significant 
surface  contamination  to  the  platinum,  thereby  interfering  with  the 
bonding  operation.  In  an  attempt  to  prevent  this  problem,  a  new  die- 
attach  material,  DITAC  QL  3500 1C  Adhesive,  recently  introduced  by 
Du  Pont  Electronics,  was  obtained  and  tried  for  mounting  the  ferro¬ 
electric  samples.  This  new  product  is  a  thermoplastic  adhesive  that 
requires  no  separate  curing  step.  In  addition,  there  is  virtually  no 
outgassing  of  solvents  from  the  adhesive  that  could  contaminate  the 
surface  of  the  sample. 
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For  this  application,  a  nonconducting  version  of  the  adhesive  was 
obtained  in  the  form  of  a  sheet.  In  use,  a  small  piece  of  adhesive  the  size 
of  the  die  is  cut  from  the  sheet  and  placed  in  the  center  of  the  cavity  of 
the  package.  The  sample  die  is  then  placed  on  top  of  the  adhesive,  and 
the  package  placed  on  the  chuck  of  the  bonder,  which  is  maintained 
at  a  temperature  of  150  °C  for  the  bonding  operation.  It  was  found  that 
for  this  bonder,  a  low  ultrasonic  power  setting  yielded  very  acceptable 
results,  with  most  of  the  bonds  sticking  well  to  the  top  platinum 
electrodes.  As  a  result  of  the  initial  success  with  the  new  die-attach 
adhesive,  this  material  is  now  used  for  all  ferroelectric  sample  mount¬ 
ing.  A  mounted  and  bonded  ferroelectric  sample  in  a  16-pin  DIP  is 
shown  in  figure  5. 


5.  Conclusions 


The  procedures  discussed  here  have  been  used  to  successfully  prepare 
ferroelectric  samples,  both  bonded  and  unbonded,  for  electrical  and 
radiation  hardness  characterization  studies.  The  rapid  turn-around  of 
samples  prepared  in  this  fashion  has  enabled  a  large  number  of 
different  ferroelectric  materials  on  silicon  and  nonsilicon  substrates  to 


Figure  5.  Mounted 
and  bonded 
ferroelectric  sample. 


be  evaluated  in  a  minimum  amount  of  time.  During  the  course  of  the 
work  described  herein,  a  need  developed  for  smaller  top  electrodes 
than  were  being  prepared,  so  that  higher  frequency  measurements 
could  be  employed  for  fatigue  and  other  electrical  studies.  Efforts  are 
currently  under  way  to  prepare  silicon  shadow  masks  to  provide  top 
platinum  electrodes  that  are  on  the  order  of  50  |im  or  less  on  a  side  to 
address  the  requirement  for  a  smaller  top  electrode. 


Acknowledgements 

The  author  wishes  to  acknowledge  the  assistance  of  the  following 
persons:  B.  Dobriansky  for  performing  the  bonding  operations  and  J. 
Terrell  of  Booz,  Allen  and  Hamilton,  Inc.,  for  doing  the  platinum 
sputtering. 


References 

1 .  L.  H.  Parker  and  A.  F.  Tasch,  Ferroelectric  Materialsfor  64Mb  and  256Mb 
DRAMs,  IEEE  Circuits  and  Devices  Magazine  6  (January  1990),  17. 

2.  F.  P.  Gnadinger  and  D.  W.  Bondurant,  Ferroelectric^  for  Nonvolatile 
RAMs,  IEEE  Spectrum  26  (July  1989),  30. 

3.  J.  F.  Scott  and  C.  A.  Paz  de  Araujo,  Ferroelectric  Memories,  Science  24 
(December  1989),  1400. 

4.  H.  M.  Dui  ker,  P.  D.  Beale,  J.  F.  Scott,  C.  A.  Paz  de  Araujo,  B.  M.  Melnick, 
J.  D.  Cuchiaro,  and  L.  D.  McMillan,  Fatigue  and  Sxvitching  in  Ferroelectric 
Memories:  Theory  and  Experiment,  J.  Aj  ,>1.  Phys.  68  (December  1^90), 
5383. 

5.  J.  F.  Scott,  Radiation  Fjfects on  Ferroelectric  Thin-Film  Memories:  Retention 
Failure  Mechanisms, ).  Appl.  Phys.  66  (August  1989),  1444. 

6.  K.  D.  Budd,  S.  K.  Dey,  and  D.  A.  Payne,  Sol-Gel  Processing  of  PbTiO^, 
PZT,  and  PLZT  Fhin-Films,  Proc.  Br.  Ceram.  Soc.  36  (1985),  i07. 

•  7.  G.  Yi,  Z.  Wu,  and  M.  Sayer,  Preparation  of  Pb(Z.r,Ti)0^  Thin-Film-^  In/  Sol- 

Gel  Processing:  Electrical,  Optical  and  Electro-Optic  Properties,  J.  Appl. 
Phys.  64(1988),  2717. 

8.  P.  K.  Schenck,  L.  P.  Cook,  J.  Zhao,  E.  N.  Farabaugh,  and  C.  K.  Chiang, 
Liser  Vaporization  and  Deposition  of  Lead  Zirconaie  Titanate,  Proc.  Sym¬ 
posium  Beam  Solid  Interaction,  Mater.  Res.  Soc.  157A  (1990),  587. 


12 


9.  H,  Kidoh,  T.  Ogawa,  A.  Morimoto,  and  T.  Shimi^u,  Ferroelectric 
Properties  of  Lead-Zirconate-Titamte  Films  Prepared  bp  Laser  Ablation, 
Appl.  Phys.  Lett.  58  (June  1991),  2910. 

10.  W.  Kern,  The  Evolution  of  Silicon  Wafer  Cleaning  Technology,  J. 
Electrochem.  Soc.  137  (June  1990),  1887. 

11.  J.  McCullen,  B.  Rod,  and  R.  Reams,  Development  of  a  Shadow  Mask  for 
Sputtering  Platinum  onto  Ferroelectric  Substrates,  Harry  Diamond  Labo¬ 
ratories,  HDL-TM-91-9  (July  1991). 


13 


DISTRIBUTION 


Administrator 

Defense  Technical  Infonnation  Center 
Attn  DTIC-DDA  (2  copies) 

Cameron  Station.  Building  5 
Alexandria,  VA  22304-6145 

Director 

Defense  Advanced  Research  Projects  Agency 

Attn  Dir.  Material  Sciences 

Attn  Dir,  Strategic  Technology  Office 

Attn  Dir.  Technology  Assessments  Office 

Attn  Tech  Info  Office 

1400  Wilson  Blvd 

Arlington,  VA  22290 

Director 

Defense  Communications  Agency 
Attn  Technical  Director  (B 102) 

National  Military  Command  System  Support 
Washington,  DC  20305 

Director 

Defense  Communications  Engineering  Center 
Attn  Code  R123,  Technical  Library 
1860  Wiehle  Ave 
Reston,  VA  22090 

Director 

Defense  Intelligence  Agency 
Attn  DS-4A2 
Washington,  DC  20301 

Director 

Defense  Nuclear  Agency 
Attn  RAEE,  LTC  A.  Constantine 
Attn  RAEE,  MAJ  G.  Kweder 
Attn  RAEE,  L.  Palkuti 
Attn  RAEE,  LCDR  L.  Cohn 
Attn  TITL,  Technical  Library  Div 
680’  Telegraph  RD 
Alexandria,  VA  22310-3398 


Preceding  Page  Blank 


Commander 

Field  Command,  Defense  Nuclear  Agency 
Attn  FCPR 

Kirtland  AFB,  OH  87115 
Director 

National  Security  Agency 
Attn  TDL 

FT  George  G.  Meade,  MD  20755 

Under  Secretary  of  Defense  for  Research 
&  Engineering 

Attn  Research  &  Advanced  Tech 

Attn  Asst  to  Sec/Atomic  Energy 

Attn  Dep  Asst  Sec/Energy  Environment  &  Safety 

Attn  Dep  Under  Sec/Res  &  Advanced  Tech 

Attn  Dep  Under  Sec/Test  &  Evaluation 

Department  of  Defense 

Washington,  DC  20301 

Commander,  US  Army 
Armament  Munitions  &  Chemical 
(AMCCOM)  R&D  Command 
Attn  SMCAR-TSS.  STINFO  Div 
Dover,  NJ  07801 

Commander 

Atmospheric  Sciences  Laboratory 

Attn  Technical  Library 

White  Sands  Missile  Range.  NM  88002 

Ballistic  Missile  Defense  Program 
Management  Office 
Attn  Technology  Dir 
5001  Eisenhower  Ave 
Alexandria,  VA  22333-0001 

Director 

Night  Vision  &  Electro-Optics  Lab..  LABCOM 
Attn  AMSEL-TMS-IO,  Information  Ofe 
Attn  AMSEL-SI,  Electronics  Team 
Attn  Technical  Library 
FT  Belvoir.  VA  22060 


15 


DISTRIBUTION  (cont’d) 


Commander 

Office  of  Missile  Electronic  Warfare 
Attn  Tech  &  Adv  Concepts  Div 
White  Sands  Missile  Range,  NM  88002 

Director 

Signals  Warfare  Lab,  VHFS 

Attn  AMSEL-RD-SW-OPI,  Tac  Sys  Div 

Warrenton,  VA  22186-5100 

Commander 

CECOM  R&D  Tech  Library 
Attn  ASQNC-ELC-IS-L-R 
FT  Monmouth,  NJ  07703-5018 

Commander 
TRASANA 
Attn  ATAA-EAC 

White  Sands  Missile  Range,  NM  88002 
Commander 

US  Armament  Munitions  &  Chemical  R&D 
(AMCCOM)  Command 
Attn  SMCAR-LCN,  Nuclear  &  Fuze  Div 
Attn  SMCAR-NC,  Nuclear/Chemical  Surety  GP 
Dover,  NJ  07801 

Commander 

US  Army  Headquarters  Armament,  Munitions 
&  Chemical  Command 
Attn  AMSMC-IMF-L/Tech  Library 
Rock  Island,  IL  61299-6000 

Director 

US  Army  Ballistic  Research  Laboratory 

Attn  SLCBR 

Attn  SLCBR-AM 

Attn  SLCBR-X 

Attn  SLCBR-TB-VL 

Aberdeen  Proving  Ground,  MD  21005-5066 


Commander 

US  Army  Communications  Command 
Attn  Tech  Lib 
FT  Huachuca,  AZ  85613 

Chief 

US  Army  Communications 
Systems  Agency 
Attn  SCCM-AD-SV,  Library 
FT  Monmouth,  NJ  07703 

Director 

US  Army  Electronics  Technology  &  Devices 
Lab,  LABCOM 
Attn  SLCET-D 
Attn  SLCET-E 
Attn  SLCET-ER 
Attn  SLCET-ER-S 
Attn  SLCET-i,  Microelectronics 
Attn  SLCET-IA 
FT  Monmouth,  NJ  07703-5601 

Commandant 

US  Army  Engineer  Center  &  School 
Attn  Library 

FT  Belvoir,  VA  22060-5291 
Commander 

US  Army  Materiel  Command 
Attn  AMCDE,  Dir  for  Dev  &  Engr 
Attn  AMCDE-R,  Sys  Eval  &  Testing 
Attn  AMCNC,  Nuclear-Chemical  Ofc 
5001  Eisenhower  Ave 
Alexandria,  VA  22333-0001 

Commander 

US  Army  Missile  Command 
Attn  AMCPM-LCEX 
Attn  AMCPM-MDTI 
Attn  AMCPM-PE-EA 
Attn  AMSMI-RGP 


16 


DISTRIBUTION  (cont’d) 


Commander 

US  Anny  Missile  Command  (cont’d) 

Attn  Army  Missile  RDE  Lab 
Attn  Tech  Lib 

Redstone  Arsenal,  AL  35898-5000 
Commander 

US  Army  Missile  &  Munitions  Center  & 
School 

Attn  ATSK-CTD-F 
Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Nuclear  &  Chemical  Agency 
Attn  ATCN-W,  Weapons  Effects  Div 
Attn  Technical  Library 
75(X)  Backlick  Road,  Building  2073 
Springfield,  VA  22150 

US  Army  Strategic  Defense  Command 

Attn  C.  Harper,  CSSD-SD-YA 

Attn  A.  Kuehl 

Attn  D.  Stott 

Attn  Library 

PO  Box  1500 

Huntsville,  AL  35807 

Commander 

US  Army  Tank-Automotive  Command 
Attn  AMSTA-GCM-SW 
Warren,  MI  48397-5000 

Commander 

US  Army  Test  &  Evaluation  Command 
Attn  AMSTE-CM-F 
Attn  AMSTE-EO 

Attn  AMSTE-TO-0,  Test  Operations  Div 
Aberdeen  Proving  Ground,  MD  21005-5055 

Commander 

White  Sands  Missile  Range 

Attn  STEWS-TE-NT 

White  Sands  Missile  Range,  NM  88002 


Director 

Naval  Research  Laboratory 
Attn  Code  2620,  Tech  Library  Br 
Attn  Code  2627 

Attn  Code  4000,  Research  Dept 

Attn  Code  4004 

Attn  Code  5210 

Attn  Code  6601 

Attn  Code  6440 

Attn  Code  6620,  Radiation  Effects 

Attn  Code  6627 

Attn  Code  663!,  J.  C.  Ritter 

Attn  Code  6816 

Attn  Code  7701 

4555  Overlook  Ave,  SW 

Washington  DC  20375 

Commander 

Naval  Surface  Warfare  Center 
Attn  Code  WA501,  Navy  Nuc  Prgms  Ofc 
Attn  E-43,  Technical  Library 
White  Oak,  MD  20910 

Commander 

Naval  Surface  Warfare  Center 

Attn  Code  WR,  Research  &  Technology  Dept 

Attn  DX-21  Library  Div 

Dahlgren  Laboratory 

Dahlgren,VA  22448 

Director 

AF  Avionics  Laboratory 

Attn  A  AT,  M.  Friar 

Attn  DH,  LTC  McKenzie 

Attn  DHE,  H.  J.  Hennecke 

Attn  DHM,  C.  Friend 

Attn  TE,  Electronic  Technology  Div 

Attn  TER,  Electronic  Res  Br 

Attn  TSR,  STINFO  BR 

Wright-Patterson  AFB,  OH  45433 


17 


DISTRIBUTION  (cont  d) 


Commander 
HQ,  USAF/SAMI 
Washington,  DC  20330 

Director 

Interservice  Nuclear  Weapons  School 
Kirtland  AFB,  NM  87115 

Director 

Jo  Strategic  Target  Planning  Staff,  JCS 
Attn  JLTW-2 
Offutt  AFB 
Omaha,  NB  681 13 

Rome  Air  Development  Center 
AF  Deputy  for  Elec  Tech 
Attn  ESR,  W.  Shedd 
Hanscom  Field 
Bedford,  MA  01731 

Director 

Armed  Forces  Radiobiology  Research  Institute 
Defense  Nuclear  Agency 
Attn  Technical  Library 
National  Naval  Medical  Center 
Bethesda,  MD  20014 

Central  Intelligence  Agency 
Attn  RD/SI,  Rm  5G48,  KQ  Bldg 
Washington,  DC  20505 

Dept  of  Energy 

Attn  Asst  Admin  for  Nuclear  Energy 
Attn  Div  of  Reactor  Res  &  Dev 
Attn  Div  of  Space  Nuclear  Systems 
Washington,  DC  20545 

Dept  of  Energy 

Attn  Technical  Information  Organization 
PO  Box  62 

Oak  Ridge,  TN  37830 


Dept  of  Energy 
Albuquerque  Operations 
Attn  Director 
PO  Box  5400 
Albuquerque,  NM  87115 

Sandia  National  Laboratories 
Attn  Library 
PO  Box  5800 
Albuquerque,  NM  87185 

Director 

NAS  A,  Goddard  Space  Flight  Center 
Attn  250,  Tech  Info  Div 
Greenbelt,  MD  20771 

Administrator 
NASA  Headquarters 

Attn  Ofc  of  Aeronautics  &  Space  Technology 
Washington,  DC  20546 

Office  of  the  Deputy  Chief  of  Staff  for  Research, 
Dev,  &  Acquisition 

Attn  DAMA-ARZ-D,  Research  Programs 
Attn  DAMA-CSS-D,  R&D  Team 
Attn  DAMA-RAX,  Sys  Review  &  Analysis  Ofc 
Attn  Dir  of  Army  Res 
Washington,  DC  20310 

US  Department  of  Commerce 
Attn  Assistant  Secretary  for  Science 
&  Technology 
Washington,  DC  20230 

Director 

Argonne  National  Laboratory 
9700  South  Cass  Ave 
Argonne,  IL  60439 

Director 

Brookhaven  National  Laboratory 
Associated  Universities,  Inc 
Upton,  Long  Island,  NY  1 1973 


18 


DISTRIBUTION  (cont’d) 


Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Attn  D.  J.  Nichols,  T-1180 
Attn  Technical  Library 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 103 

Engineering  Societies  Library 
Attn  Acquisitions  Dept 
345  E.  47th  Street 
New  York,  NY  10017 

Honeywell  Incorporated 

Government  &  Aeronautical  Products  Div 

Attn  J.  Schrankler 

2600  Ridgeway  Parkway 

Minneapolis,  MN  55413 

Harris  Corporation 
Government  Systems  Group 
Attn  W.  E.  Abare,  MS  20-2604 
PO  Box  94000,  MS  101/4825 
Melbourne,  FL  32902 

Kaman  Tempo 
Attn  C.  Fore 

2560  Huntington  Ave,  Suite  506 
Alexandria,  VA  22303 

Mission  Research  Corp 
Attn  E.  Enlow 
Attn  R.  Pease 
1720  Randolph  Rd,  SE 
Albuquerque,  NM  87106-4245 

Mitre  Corp 
Attn  M.  F.  Fitzgerald 
Attn  Library 
PO  Box  208 
Bedford,  MA  01730 


Teledyne  Brown  Engineering 
Cummings  Research  Park 
Attn  A.  Fenelly 
Huntsville,  AL  35807 

US  Army  Laboratory  Command 
Attn  AMSLC-DL,  Dir,  Corporate  Labs 

Installation  Support  Activity 
Attn  SLCIS-CC,  Legal  Office 

USAISC 

Attn  AMSLC-IM-VA,  Admin  Ser  Br 
Attn  AMSLC-IM-VP,  Tech  Pub  Br 
(2  copies) 

Harry  Diamond  Laboratories 

Attn  Laboratory  Directors 

Attn  SLCHD-TL,  Library  (3  copies) 

Attn  SLCHD-TL,  Library  (Woodbridge) 

Attn  SLCHD-NW,  Chief 

Attn  SLCHD-NW-E,  Chief 

Attn  SLCHD-NW-EH,  Chief 

Attn  SLCHD-NW-EP,  Chief 

Attn  SLCHD-NW-ES,  Chief 

Attn  SLCHD-NW  P,  Chief 

Attn  SLCHD-NW-RF,  Chief 

Attn  SLCHD-NW-RP,  Chief 

Attn  SLCHD-NW-RS,  Chief 

Attn  SLCHD-NW-TN,  Chief 

Attn  SLCHD-NW-TS,  Chief 

Attn  SLCHD-D,  R.  Gilbert 

Attn  SLCHD-NW-EP,  J.  R.  Miletta 

Attn  SLCHD-NW-P,  D.  Davis 

Attn  SLCHD-NW-RP,  J.  Benedetto 

Attn  SLCHD-NW-RP,  K.  W.  Bennett 

Attn  SLCHD-NW-RP,  T.  V.  Blomquist 

Attn  SLCHD-NW-RP,  H.  Boesch 

Attn  SLCHD-NW-RP,  B.  Geil 

Attn  SLCHD-NW-RP,  T.  Griffin 

Attn  SLCHD-NW-RP,  A.  J.  Lelis 

Attn  SLCHD-NW-RP,  J.  McCullen 


19 


DISTRIBUTION  (cont’d) 


Harry  Diamond  Laboratories  (cont’d) 

Attn  SLCHD-NW-RP,  J.  M.  McGarrity 
Attn  SLCHD-NW-RP,  B.  McLean 
Attn  SLCHD-NW-RP,  T.  Mermagen 
Attn  SLCHD-NW-RP,  R.  B.  Reams  (5  copies) 


Harry  Diamond  Laboratories  (cont’d) 

Attn  SLCHD-NW-RS,  H.  Brandt 
Attn  SLCHD-NW-TS,  H.  Eisen 
Attn  SLCHD-TA-ES,  R.  Goodman 
Attn  SLCHD-NW-RP,  B.  J.  Rod  (20  copies) 


20 


